The effect of boiling on antioxidant activity, total phenolic content (TPC) and total flavonoid content (TFC) in the ethanol extracts from Plectranthus amboinicus leaves were studied. The dried leaves were boiled in water for 0 (control), 30, 60, 90 and 120 minutes, then extracted with ethanol to produce ethanol extracts. The ethanol extracts were subjected to three antioxidant assays, i.e., 2, 2-diphenyl-1-picrylhydrazyl (DPPH), 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) and ferric reducing antioxidant power (FRAP). TPC and TFC in extracts were determined by Folin-Ciocalteu assay and aluminium chloride colorimetric assay, respectively. The results of DPPH, ABTS and FRAP assays indicated that the antioxidant of extracts were significantly (p < 0.05) more potent than the control and also increased when the boiling time was increased. Furthermore, TPC and TFC in extracts from boiled samples were significantly (p < 0.05) higher than the control and correlated with antioxidant activity. This study revealed that boiling of P. amboinicus leaves were increased its antioxidant activity, TPC and TFC as determine in ethanol extracts, and suggested that boiling can be used as a method for enhancing antioxidant activity of P. amboinicus.
Introduction
Fats and oils are important substances during food processing and also use as ingredients in a variety of foods. They act as heat transfer medium, emulsifier, texture controller, flavor enhancer and nutritive substance [1] [2] [3] [4] . However, autoxidation of fats and oils is one of the limiting factors in a food product's shelf life as noticeable by rancid odour and flavour, but can be prevented by using antioxidant agents [2] [3] . In current food industry, synthetic antioxidant agents such as butylated hydroxyanisole, butylated hydroxytoluene and tertiary-butyl hydroquinone regularly used as antioxidant food preservative [5] . Unfortunately, all of these agents have long been linked to several adverse reaction such as allergy, asthma, dermatitis, flushing, headache, stomach problems, joint pain and weight gain [6] [7] . Owing to good reputation, naturally occurring antioxidants are gaining more attention and choice of consumer for substitute the synthetic antioxidants [8] [9] .
Plectranthus amboinicus (Lamiaceae) or Indian borage is a soft-stem plant with a strong oregano-like minty aroma and flavor mainly cultivated and used in traditional medicine or culinary purposes by in tropical and subtropical regions such as India, Southeast Asian (Malaysia, Indonesia, Thailand), China, Taiwan, West Asia (Egypt) and United States of America (Hawaii) [10] . This plant is propagated by stem cutting and grows well in drained soil with enough water. Height of plant can reach up to 1 meter or more after five months [11] . In culinary, fresh or dried leaves were used as a food additive to enhance flavour and aroma in marinate meats, fritter, wine and beer as well as to increase a shelf life of food [12] [13] [14] .
P. amboinicus is one of the most documented and cited species in the family Lamiaceae for its biological activities including antioxidant properties of stem and leaf; which contributes by the non-volatile secondary metabolites from the class of phenolics; and specifically from groups of phenolic acid and flavonoids [10] . The phenolic acids were included caffeic acid, rosmarinic acid, gallic acid, -coumaric acid, salvianolic acid A and shimobashiric acid; whereas the flavonoids was chrysoeriol, cirsimaritin, eriodictyol, luteolin, rutin, salvigenin, thymoquinone and quercetin [15] Currently, three species of the family of the Lamiaceae, i.e., rosemary, sage and oregano have been successfully developed and commercial as natural antioxidant for uses as food preservative [16] [17] . The companies that produce a proprietary antioxidant food preservative from these plants are included Naturex, Kalsec, Frutarom and Kemin; and these products are relying on the presence of rosmarinic acid, canosic acid and diterpene phenol [18] . Although, P. amboinicus is from the same family and many studied on its antioxidant activity and phytochemical, the potential of this plant for antioxidant preservative was not yet explored. This may to factor of an extracts that less potent antioxidant activity when compared to rosemary, sage or oregano [18] [19] [20] . For example, by DPPH assays, the IC50 of rosemary, sage and oregano were below than 10 µg/l but for P. amboinicus, the IC50 was above 80 µg/ml [21] .
Many studies were reported that a thermal treatment of some plants were increased their antioxidant activity [22] [23] [24] [25] and can be used as a tool for increasing antioxidant activity [23] . However, the effect of thermal treatment on antioxidant activity of this plant is scarce [26] . Thus, this studied was conducted to determine the effect of thermal treatment on antioxidant in leaves of P. amboinicus.
Material and methods

Sample of P. amboinicus leaves
Mixture of mature and young leaves of Indian borage was collected from herbal garden at Universiti Malaysia Kelantan, Malaysia and chopped. Chopped leaves were dried in electrical oven at 65 °C for 72 hours, then kept at -20 °C.
Thermal treatment of leaves by boiling in water
Five conical flasks containing 200 ml of deionized water were filled with 50 g of powdered leaves sample. All conical flasks were initially sonicated for 30 minutes in ultrasonic bath. One flask was served as control (0 minute) by kept at room temperature; and other flasks were further continuously boiled at 100 °C in a water bath for 30, 60, 90 and 120 minutes, respectively. Water was decanted and leaves biomasses were dried in fume hood for 24 hour at room temperature and used for further extraction with ethanol.
Extraction of boiled leaves biomass with ethanol and yield (%)
Unboiled and boiled leaves were soaked with 100 ml ethanol and sonicated using ultrasonic water bath for 30 minutes and filtered to obtain ethanol extracts. The ethanol from the extracts were removed under reduced pressure using rotary evaporator. The percentage of extraction was calculated by dividing the yield of extract with the weight of dried raw material and times with 100. All extracts were kept at -20 °C until used for assays.
Antioxidant assay
DPPH free radical scavenging assay
DPPH (2, 2-diphenyl-1-picrylhydrazyl) free radical scavenging activity of extracts were determined using the method as previously described [26] . Briefly, 2 ml 0.004% (w/v) DPPH solution was mixed with 2 ml of samples solution in 100% ethanol at concentration from 12.5 µg/ml to 200 µg/ml and allowed to react in a dark for 30 minutes. Then, optical density (OD) of mixture was read at with spectrophotometer at 517 nm. Positive control, ascorbic acid was used at concentrations from 0.3125 µg/ml to 10 µg/ml. A DPPH free radical scavenging activity of sample was calculated as follows: [(ODcontrol -ODsample) / ODcontrol] х 100%. The IC50 value of sample, i.e., an amount of antioxidant necessary to decrease the initial DPPH concentration by 50% was calculated from the graph concentration of sample versus % of DPPH free radical scavenging activity.
ABTS free radical scavenging assay
The ABTS (2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) assay was followed as described by Dhanani et al. [27] . Fresh solution of ABTS was prepared by mixed 10 ml 4.9 mM potassium persulfate with 10 ml 14 mM ABTS solution and incubated in the dark at room temperature for 16 hours. Before used for assay, the ABTS working solution was prepared by diluted with methanol to achieve initial absorbance of 0.70 ± 0.02 at 734 nm. For assay, 950 µl ABTS working solution was mixed with 50 µL of sample and were vortexed for 10 seconds. The reaction was further incubated for 6 minutes and the optical density (OD) was recorded at 734 nm using spectrophotometer. ABTS working solution without sample was used as control and Trolox was used as positive control. The percentage inhibition was calculated according to formula: [(ODcontrol -ODsample)/ODcontrol] x 100%. The amount of antioxidant necessary to decrease the initial ABTS concentration by 50% (IC50 value) was calculated from the graph concentration of sample versus % of ABTS free radical scavenging activity. Low value of IC50 indicate strong free radical scavenging activity of a sample.
Ferric reducing antioxidant power assay
The FRAP (Ferric reducing antioxidant power) assay is a measurement for ability of extract to reduce ferric ions. In this experiment, FRAP assay was determined according to the method previously described by Benzie and Strain in 1996 [28] . The stock solution FRAP was prepared included 300 mM acetate buffer (3.1 g sodium acetate trihydrate and 16 ml acetic acid) for pH 3.6, 10 mM 2, 4, 6-tripyridyl-s-triazine solution in 40 mM HCL, and 20 mM iron (III) chloride hexahydrate. The fresh working solution was prepared by mixing 25 ml FeCl3.6H2O solution and then warmed at 37 °C before using it. 150 µl of plant extracts was allowed to react with 2850 µl of the FRAP solution by incubating in the dark condition for 30 minutes. Reduced coloured product (ferrous tripyridyltriazine complex) were read using UV-VIS spectrophotometer at 593 nm. Trolox in various concentrations (3.125 -100 µg/ml) was used for the preparation of the standard calibration curve. The FRAP values were expressed as mg trolox equivalent per gram of extract (mg TE/gram of extract). The means of three independent experiments were calculated and presented as mean ± standard deviation (SD). High value of FRAP (mg TE/g extract) of extract shows strong antioxidant activity of a sample.
Total phenolic content (TPC)
Total phenolic content (TPC) in extracts was determined by Folin-Ciocalteu assay with slight modification [26] . Gallic acid was used as the standard curve of the range of 6.125 µg/ml to 100 µg/ml. A volume of 0.5 ml gallic acid or extracts were mixed with 1.5 ml of 10% (v/v) Folin-Ciocalteu reagent and incubated at room temperature for 5 minutes. Then, 2 ml 7.5% (w/v) of sodium carbonate was added into the mixture and allowed to react in the dark for 60 minutes. The optical density of the reactant was read at 765 nm using spectrophotometer. The TPC in samples were expressed as mg gallic acid equivalent per g of extract (mg GAE/g extract).
Total flavonoid content (TFC) assay
The total flavonoid contents of extract samples determined using aluminium chloride colorimetric assay [29] . Briefly, 1 mg of plant extract was dissolved in 1 ml ethanol extraction to achieve concentration 1 mg/ml for each extract. In a 10 ml test tube, 0.3 ml extracts sample and 3.4 ml of 30% methanol, 150 µl of 0.5 M sodium nitrite solution and 150 µl of 0.3M aluminium chloride solution was mixed. After incubated for 5 minutes, 1 ml of 1 M natrium hydroxide solution was added. The absorbance reading was recorded using UV-VIS spectrophotometer at 506 nm against blank which containing an equal amount of methanol in place of extracts sample. Quercetin was used for standard calibration curve for total flavonoid content in samples that were expressed as mg quercetin equivalent per gram sample (mg QE/g sample).
Statistical analysis
All assays were conducted in triplicated and repeated for the three independent experiments. Data were presented as means ± standard deviations. Student's t-test was applied to compare the antioxidant activity and TPC between unboiled (control) and boiled ethanol extracts. The p ≤ 0. 05 was considered as significance.
Results and discussion
In this current study, the effect of thermal by boiling in leaves of P. amboinicus on percentage yield, antioxidant activity, total phenolic and flavonoid content were determined. Figure 1 shows the percentage yield of extract per dry weight of sample. The yield of extract for boiled samples at 30, 60, 90 and 120 minutes were increased significantly (p < 0.05) compared to control at 78 %, 83%, 87 % and 131 %, respectively. These results indicated that longer boiling time was increase the yield of extract. Several researchers were reported that thermal treatments such as boiling, autoclaving and baking increased the yield of extract from plant samples [22, [30] [31] . High temperature treatments on plant can cause the formation of large cell micropore due to deformation of the structure of cell walls and change porosity and resulting in loss selective permeability [32] [33] . Figure 2 was shown the results for free radicals scavenging activity (DPPH and ABTS assay) and reducing power (FRAP assay) of the ethanol extracts from unboiled (0 minute) and boiled for 30, 60 and 120 minutes of P. amboinicus leaves. The ethanol extract from unboiled leaves was served as a control for comparison. In general, longer boiling time was increased antioxidant activities of ethanol extracts as indicated by decreasing of IC50 values in DPPH and ABTS assay, and increasing ability of extract to reduce ferric ions in FRAP assay. The IC50 value of the DPPH assay for boiled extracts at 30, 60, 90 and 120 minutes were decreased significantly (p < 0.05) compared to control (92.85 ± 7.07 µg/ml) at 4.72 % (88.46 ± 1.18 µg/ml), 13.94 % (79.91 ± 3.37 µg/ml), 27.16 % (67.63 ± 4.09 µg/ml) and 51.05 % (45.43 ± 2.33 µg/ml), respectively. For the ABTS assay, the result shows the IC50 value of boiled extract at 30, 60, 90 and 120 minutes were also decreased significantly (p < 0.05) compared to control (86.68 ± 1.41 µg/ml) at 6.91 % (80.69 ± 0.92 µg/ml), 20.75 % (68.26 ± 2.71 µg/ml), 34.32 % (56.93 ± 5.24 µg/ml) and 58.62 % (35.87 ± 0.799 µg/ml), respectively. The IC50 for ascorbic acid as determined by DPPH and ABTS were 1.83 ± 0.17 µg/ml and 4.48 ± 1.27 µg/ml, respectively. These values were within the range as reported [34] [35] [36] .
In the FRAP assay, the antioxidant activity of boiled samples were increased significantly (p ≤ 0.05) when compared with the unboiled sample. In comparison with unboiled (18.67 ± 0.06 mg TE/g extract) sample, the antioxidant activity of the extract for boiled samples at 30, 60, 90 and 120 minutes were increased by 4.71 % (19.55 ± 0.35 mg TE/g extract), 46.52 % (27.41 ± 0.73 mg TE/g extract), 152.22 % (48.08 ± 3.54 mg TE/g extract) and 238.50 % (63.32 ± 5.70 mg TE/g extract), respectively. This result was in agreement with our previous reported study, but at a lower temperature, i.e., 95 °C [26] .
Figure 2
Antioxidant activity of ethanol extracts from P. amboinicus leaves were determined by DPPH, ABTS and FRAP assay. The leaves were boiled at 100 °C and extracted with ethanol. All data were presented as mean ± S.D.
In this study, the TPC (Figure 3a ) of extracts from boiled sample for 30, 60, 90 and 120 minutes was 13.09 %, 27.65 %, 47.51 % and 67.13 % were higher (p ≤ 0.05) than unboiled samples. The similar pattern was also recorded for the amount of TFC (Figure 3b ). The TFC (Figure 3b ) of extracts from boiled sample for 30, 60, 90 and 120 minutes was 42.85 %, 53.89 %, 75.99 % and 99.06 % were significantly higher (p ≤ 0.05) compared to unboiled samples. The correlation between antioxidant activity with TPC and TFC were analyzed. The increased of TPC over the boiling time were strongly correlated with the antioxidant activity when compared with DPPH assay (r = -0.9798), ABTS assay (r = -0.9913) and FRAP assay (r = 0.9751). Also, the increment of TFC over the boiling time were strongly correlated with the antioxidant activity when compared with DPPH assay (r = -0.9183), ABTS assay (r = -0.9404) and FRAP assay (r = 0.8963). This analysis indicated that antioxidant activity in boiling extracts was associated with TPC and TFC. The increment of antioxidant activity, TPC and TPC were in agreements with several authors when they worked on their plant samples after thermal treatment [24] [25] [37] [38] [39] [40] .
Figure 3
Total phenolic content (TPC) and total flavonoid content (TFC) of ethanol extracts from leaves of P. amboinicus leaves. Data were presented as mean ± S.D.
The reason for increments of antioxidant activity, TPC and TFC after thermal treatment can be explained by the two mechanisms. The first is due to an inactivation the polyphenol oxidase enzymes leading to inhibition of polyphenolics degradation [25, 41] , and the second is the cause of a Maillard reaction occur during thermal treatment that decompose a phenolic substances and produce new products with more potent antioxidant activity [40] .
Conclusion
The results of the study demonstrate that thermal treatment by boiling of P. amboinicus leaves was significantly increased the antioxidant activity as determined in ethanol extracts. Boiling also increased the percentage of extraction yield, TPC and TFC. These results also warrants for further investigation on application of P. amboinicus leaves as food preservative with antioxidant property.
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